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THE GOLDEN NEMATODE IN THE UNITED STATES! 
F. Mart AnD JoserH F. 


The golden nematode, Heterodera rostochiensis Wollenweber, is a 
dangerous new threat to the American potato industry, especially in areas 
of this country where short crop rotations are used. Yields of less than 
the seed planted have frequently been reported from heavily infested land 
in the British Isles and in several northern European countries where 
this nematode is one of the most serious of the potato pests. The golden 
nematode is now known to be present in Argentina, Austria, Belgium, 
the British Isles, Canary Islands, Denmark, Finland, France, Germany, 
Jersey Island, Latvia, Luxembourg, Mexico, The Netherlands, Peru, 
Poland, Spain, Sweden, and Switzerland. In the United States, it has 
been found on Long Island, New York, and on one truck farm in New 
Jersey. 

How To RECOGNIZE THE GOLDEN NEMATODE 


The first above-ground evidence of the golden nematode in a potato 
field is the presence of a small spot of poor growth. If potato production 
is continued, this spot enlarges and other similar spots appear. The 
appearance of potato plants in these spots is similar to that of plants in 
a low spot during wet years and a high spot during dry years. No one 
foliage symptom alone can be relied upon for positive identification of 
the disease. The symptom picture is that of poor root development :— 
stunting, poor vine development, wilting during the middle of the day, 
and early dying. Above-ground symptoms appear only if large numbers 
of golden nematodes are present in the soil. 

Several years before there are enough golden nematodes in the soil 
to cause poor plant growth, immature females may be seen on the outside 
of roots. The white, yellow, or golden flask-shaped females may be seen 
attached to the surface of roots carefully removed from the soil at blossom- 
ing time (Figure 1). It is difficult to locate small numbers of immature 
females on potato roots or to locate small numbers of cysts in the soil, 
with the best sampling procedures available. The brown, leathery, flask- 
shaped cysts are the swollen, egg-containing bodies of the females which 
have matured and fallen into the soil from potato roots (Figure 2). 
Consequently, the golden nematode may be present in the soil several years 
before it is discovered. 


SERIOUSNESS OF PEST 


Since the presence of the golden nematode in the United States is 
limited, it is only a potentially dangerous pest at this time. Data obtained 
in greenhouse and field experiments on Long Island on the effect of 
temperature, rainfall, soil type, soil pH and fertilizer practices indicate 
that the golden nematode could be a serious pest in the major potato 
producing areas of the United States. Experimental work on Long Island 
has shown that profitable crops of potatoes cannot be grown in heavily 
infested soil. Yield reductions ranging to 84 per cent have been observed 
1Accepted for publication March 20, 1954. 
2Department of Plant Pathology, Cornell University, Ithaca, N. Y., and Plant Pest 
Control Branch, Agricultural Research Service, U.S.D.A., Hicksville, L. I., N. Y. 
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Ficurr 1.—Swollen golden nematode females attached to potato roots. 
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Figure 2.—Golden nematode cysts removed from soil. 


in heavily infested experimental areas, and in grower-operated fields 
(Figure 3). The palatability and appearance of tubers are not affected 
by golden nematode attack. Information is needed concerning the rate of 
build-up of populations under the environmental conditions prevalent over 
a number of growing seasons. 


Lire History 


The life history of the golden nematode is illustrated in figure 4. 
Between crops of potatoes, the eggs of the golden nematode enclosed 


Figure 3.—Acre yields of U. S. No. 1 size tubers, based on a five-year average 
(1948-1952). 
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in protective brown cysts lie in the soil. The cysts (approximately 1/50 
of an inch in diameter) contain up to several hundred eggs and larvae. 
The cyst wall is resistant to drying, soil organisms, and the action of 
chemicals. The egg shell also affords further protection to the enclosed 
larva as it is more resistant to certain chemicals than is the cyst wall. In 
the British Isles larvae protected by the egg shell and the cyst wall have 
been shown to remain alive in the soil, in the absence of host plants, for 
more than 17 years. 

When the soil temperature is above 60°F., a chemical given off by 
potato roots stimulates larvae to hatch from the eggs, to leave the cyst 
through a minute hole in the cyst wall, and to move to the potato roots. 
Both male and female larvae enter the roots and feed with their heads 
adjacent to the conducting tissues. In growing, both males and females 
shed their skin several times. After fertilization, eggs develop in the 
bodies of the females. 

When first evident on the surface of the roots, the females are pearly 
white in color. Later, while still attached to the roots, they turn yellow, 
then orange, and finally golden brown. When the roots of the potato 
plant rot, or the roots are jarred, the mature cysts fall loose in the soil. 


PLANTS AFFECTED 


Potatoes and tomatoes are the only commercial crops known to be 
heavily attacked by the golden nematode. Solanum dulcamara, or bitter 
nightshade, has been found susceptible by a number of workers. This 
weed, a perennial with vine-type growth, is found along fence rows on 
Long Island and in upstate New York. Golden nematodes have not 
been found on the roots of this species growing wild on Long Island. 
Species shown to be lightly infected include Solanum Blodgettii, a native 
of southern Florida, and several species native to the southern and western 
parts of this country, such as S. rostratum (buffalo burr), S. triflorum 
(cut-leaved nightshade), and S. elaeagnifolium (silver-leaved nightshade ). 
Solanum xanthii (purple nightshade), a native of California, and S. integ- 
rifolium (tomato egg plant), grown to a limited extent as an ornamental 
in this country, also are susceptible. 


LOCATION IN THE UNITED STATES 


The golden nematode was first detected in 1941 in Nassau County, 
Long Island, New York, by Dr. Orson Cannon of the Department of 
Plant Pathology, Cornell University. Dr. B. G. Chitwood and other 
nematologists of the Section of Nematology of the United States Depart- 
ment of Agriculture, identified the causal organism as Heterodera ros- 
tochiensis Wr. As early as 1934 spots showing poor potato growth were 
evident in the field in which the golden nematode was first discovered. 

By 1941 one entire field had been found to be infested. Since then 
the known infested area has increased until, in December 1954, the gross 
acreage of infested fields totaled 12,507 acres. In most cases the infestations 
are known to occur only in small areas of the fields involved. Therefore, 
the actual acreage in which golden nematode cysts are known to be 
present is much smaller than 12,507. In general, the degree of infestation 
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Figure 4.—Life history of the golden nematode. 

1. Golden nematode cyst showing enclosed eggs. One cyst, approximately 1/50 of 
an inch in diameter, may contain several hundred eggs. Larvae inside the eggs may 
remain alive within the protective cyst for as long as 17 years without food. 

2. A. Enlarged egg showing enclosed, coiled larva, which is as wide as a fine hair 
and about 1/50 of an inch long. 

B. Egg and larva enlarged to show larva hatching from egg. A chemical given off 
by potato or tomato roots causes larva to hatch from the egg and leave the cyst. 

3. Larvae entering the root. Both males and females enter and feed on food-containing 
juices of the root. 

4. and 5. Swollen females feeding in root. These females have been fertilized by 
males, which soon die. 


6. Mature female breaking through the surface of the root. 


in the Long Island fields is extremely light when compared to infestations 
in England. More than 5,100 of the gross acres known to be infested on 
Long Island have been removed from cultivation by housing and industrial 
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developments. Included in these areas are most of the older and more 
general infestations. 

In the fall of 1952, a golden nematode cyst was recovered from a 
soil sample collected on a 7% acre truck farm near Matawan, New 
Jersey. This farm is near the Atlantic seacoast, outside the potato- and 
tomato-growing areas of New Jersey. Samples were taken from this farm 
when it was found that the farmer had spread on his land waste material 
from a nearby mill which processed used agricultural burlap from foreign 
countries. Officials of the State Department of Agriculture of New Jersey 
are withholding the entire farm from agricultural crops and, in July 1953, 
applied the soil fumigant D-D at the rate of 90 gallons per acre. 

Surveys conducted by personnel of the Bureau of Entomology and 
Plant Quarantine in the major potato producing areas in the United States 
have failed to reveal any additional infestations. 


RESEARCH 


In countries where the golden nematode is established, long rotation 
is the only control measure that is practiced. In fields where the golden 
nematode population has reached a high level, four-, five-, or six-year 
rotations are necessary for a profitable potato yield. 

Experiments on Long Island have shown that yearly or every-other- 
year applications of 45 gallons of D-D (dichloropropane-dichloropropene ) 
or 30 gallons of W-40 (40 per cent ethylene dibromide) will reduce high 
populations to a low level and result in profitable potato yields. The 
relatively high cost of these treatments, approximately $80.00 an acre, 
would make it difficult for a grower forced to treat infested land to 
compete successfully with a grower on clean land. 

The use of potatoes or tomatoes as a trap crop (destroying the crop 
after the nematodes have gone into the roots and before they have produced 
young) has not proved practical in either the British Isles or elsewhere 
in Europe, because of the high cost involved and the difficulty of removing 
all plant parts. 

Growing resistant or immune potato varieties would be a satisfactory 
way to control the golden nematode. Unfortunately, all commercial varieties 
and most of the wild potatoes tested are highly susceptible. However, strains 
of several wild tuber-forming species of the genus Solanum have been 
shown to possess a high degree of resistance. Crosses have been made 
between these species and commercial potatoes. 

A very active research program on all phases of the golden nematode 
problem is being carried out. The Departments of Plant Pathology and 
Biochemistry of Cornell University and the Section of Nematology of the 
United States Department of Agriculture are cooperating in this research. 


REGULATORY 


When it was realized that the golden nematode was established in 
only a small area on Long Island and that the means of eradication were 
not available, ways were sought to prevent the spread of this introduced 
pest. 

Since none of the chemical or cultural pest control methods in general 
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use was sufficiently effective in preventing the spread of the golden 
nematode, the use of quarantine regulations and the withholding of infested 
lands from potato and tomato production was adopted. It has been generally 
agreed by regulatory and research workers in countries where the golden 
nematode is present that the most practical way to slow down the spread 
of this pest is to prevent the build-up of high populations in the soil by 
withholding host crops. 

In March 1944 the State of New York promulgated the first golden 
nematode quarantine. As early as 1945 the Bureau of Entomology and 
Plant Quarantine began assisting the State of New York in the various 
phases of the enforcement of the survey and regulatory program. The 
cooperative Federal-State golden nematode program has continued since 
that time. Revisions have been made in quarantine restrictions to meet 
changing conditions. Federal participation in the various essential phases 
of the golden nematode problem has been sanctioned and authorized as 
contained in the Golden Nematode Act passed by the 80th Congress. 

Since the existing laws do not prohibit the growing of potatoes or 
tomatoes on infested land, the state of New York began a compensation 
program in 1946 to reimburse farmers for voluntarily withholding such 
lands from host plant production. This program has been continued since 
its initiation. Since 1948, one-half of the payments have been made with 
Federal funds. The compensation program is designed to reimburse 
growers for approximately two-thirds of their losses. Rates of payment 
are established annually in accord with existing conditions. In addition, 
certain tax reductions are allowed by the County of Nassau, New York. 
The growth of small grains and field corn on lands eligible for compen- 
sation is permitted. 

Other quarantine requirements are designed to prevent spread of the 
pest by the regulation of potential carrier-materials such as potatoes, 
tomato plants, nursery stock, topsoil, vegetable plants, used machinery and 
containers moving from infested land or land exposed to infestation. 


SurvVEY MetTHops 


The method employed to locate and delimit infestations involves the 
collection of soil samples at sites where host crops have been grown, 
stored, or handled. On Long Island, a systematic collection of soil samples 
directly from the field is followed. Samples are collected also at nurseries 
and greenhouses. In potato-growing areas outside of Long Island, soil 
samples are usually collected at grader sites, shipping points, and other 
places where potatoes are concentrated. 

On the initial survey of a field, about one tablespoon of soil is taken 
on the end of a pointing trowel every eight paces in a grid pattern 
throughout the field. This provides a four to six pound soil sample for 
each acre surveyed. If laboratory processing of the samples reveals 
infestation, the area is resurveyed and soil is collected every two or four 
paces to determine the extent of infestation. 

The golden nematode also may be detected by an examination of 
the potato roots. This method may be used to advantage under certain 
conditions. The best time to examine plant roots is when the immature 
females are in the white and golden stages of development. The cysts 
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are generally in these stages of development when potatoes are in blossom. 
Examinations should be made around buildings, edges of fields, or spots 
in fields showing plants with stunted growth. The plant should be carefully 
removed from the soil with a trowel, spading fork, or with some other 
suitable implement. The soil must be separated from the roots with care 
so that the immature females are not dislodged. 

The procedure developed for the recovery of the cysts from soil 
samples is based on the fact that these cysts will float in water, particularly 
when the soil is dry. 

Each soil sample is placed in an enameled pail and roiled with a 
stream of water under pressure. All the material that floats is poured 
into a second bucket and allowed to stand while the first pail is refilled 
by the roiling method. The first bucket is decanted again, this time into 
a third pail. Additional washing is needed if floatable material continues 
to rise and cling to the side of the bucket. 

The flotsam is passed through two sieves. The top sieve, of 20-mesh 
screen, withholds the coarse material and debris. The second sieve of 
60-mesh screen retains fine particles of soil, seeds, and nematode cysts, 
if present. This material is transferred to Syracuse watch glasses and 
examined under a binocular microscope by trained technicians for cysts 
of the golden nematode. 

A mechanical soil washing machine has been placed in use in the 
processing laboratories. It is light in weight and portable and operates on 
the same principle as the manual method, but with a greater efficiency 
and at a lower cost. 

Repeated surveys are necessary: It is very important that the presence 
of the golden nematode be recognized before crop damage becomes apparent. 
Therefore, it is necessary that a constant alert be maintained for its presence 
throughout the potato and tomato producing areas of the United States. 
Small or isolated infestations may exist unnoticed because top symptoms 
are not caused by low populations of this pest. In an effort to detect 
infestations at the earliest stages, the Bureau of Entomology and Plant 
Quarantine, in cooperation with interested States, is conducting surveys 
in all the principal potato and tomato producing areas of the United 
States. Potato organizations and associations, extension service personnel 
and others who are associated with the potato industry are urged to be 
on the alert for symptoms or signs of this pest. 


Port INSPECTIONS 


The importation of potatoes from practically all of Europe has been 
prohibited by Federal quarantine since 1912. However, in recent years 
golden nematode cysts have been recovered and identified from numerous 
interceptions made by plant quarantine inspectors at ports of entry, in 
small quantities of soil along with shipments of plant parts, bulbs, packing 
material, crates and bags originating in various European countries. 
Recently the golden nematode was intercepted on the Mexican border in 
freight cars which originated in potato producing areas in Mexico. At the 
present time, plant quarantine inspectors at all ports of entry are constantly 
on the alert for the golden nematode. 
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How To Avoip THE PEST 


Because the golden nematode is known to be present only on Long 
Island, where a comparatively small proportion of the potato land is 
infested, most of the potato growers in the United States are interested 
chiefly in ways to prevent the pest from being introduced on their farms. 
The lack of practical control measures for this pest in any country in 
which it is established further emphasizes the importance of preventing 
its spread. Such precautions are especially important to those growers not 
practicing rotation. Where extensive soil sampling (such as now in 
practice on Long Island) is being carried out, the concentration of 
nematodes in the soil may exceed one million per acre before discovery. 
In areas where soil sampling is less extensive, the concentration of nematode 
cysts in the soil may reach an even higher level before discovery. 

Inasmuch as golden nematode cysts move from area to area or from 
farm to farm along with soil, the most important factor in preventing its 
introduction to an individual farm is to avoid bringing soil to the farm. 
Soil adhering to equipment used in field operations is the most likely 
cause of spread because nematodes may be placed directly in contact 
with growing potato or tomato roots. It is recommended that only new 
machinery, burlap bags, barrels and crates be purchased or brought to 
the farm. A grower who must purchase items second-hand should make 
certain that they are treated with methyl bromide before they reach the 
farm. As methyl bromide is a very poisonous gas, the first treatment 
made with this chemical should be supervised bv a specialist. 

‘arm laborers employed in harvesting operations can easily transport 
cysts on their clothing. Flood waters and dust storms may account for 
local movement. Plants, such as cauliflower, grown on infested land and 
transplanted to clean fields, have enough soil on their roots to thoroughly 
infest a clean field. 

Soil brought back to the farm from a community grader may include 
some soil from an infested field of another grower. It is possible that 
the infested soil could have originated in a lightly infested field in which 
the infestation had not yet been discovered. 

Growing potatoes and tomatoes as infrequently as possible in the 
same field is also an extremely important precautionary measure. The 
golden nematode is a serious pest only in areas of the world where potatoes 
or tomatoes are grown yearly or in short rotations. If a few golden nematode 
cysts are accidentally brought to a farm, their numbers will not increase 
to a point where there will be much chance of spread if wide rotations 
are practiced. The most important consideration in planning a rotation on 
golden nematode infested land is to grow the host crops, potatoes and 
tomatoes, as few years as possible. The non-host crop used is immaterial, 
because the differences in death rates of golden nematodes in the soil 
when various non-host crops are grown in rotation with potatoes are too 
small to be of practical importance. 

Potato growers should use only certified seed on clean land. Small 
lots of seed from unknown sources should never be planted. Any plants 
or plant parts should be washed free from soil before introduction to 
the farm. 
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In summary, a potato or tomato grower should observe the five in- 
expensive and relatively simple precautions listed below in order to keep 
this pest from his farm. 

1. If possible, bring only new bags, crates, barrels and machinery 

to your farm. 

2. Treat newly-purchased used bags, crates, barrels and machinery 

with methyl bromide before they reach the farm. 

3. Do not return any soil from central grading stations to your farm. 

4. Rotate crops on potato land. Do not include tomatoes in the rotation 

for they are attacked by this nematode. 


Plant only certified seed. 
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STUDIES ON THE INHERITANCE OF RESISTANCE TO 
PHYTOPHTHORA INFESTANS IN POTATOES! 


ALFONSO CASTRONOVO? 


During the past 20 years the inheritance of resistance to Phytophthora 
infestans in potatoes has been studied by several authors. The results 
reached by them are not always concordant, and this could be due to the 
use of different sources of resistance, different races of, the parasite, and 
probably, to different criteria in classifying the progenies as resistants or 
susceptibles. 

A review of the available literature, however, seems to demonstrate 
that the resistance can be due to the presence of a limited number of 
major genes, usually reported as dominants, and to an indefinite number 
of minor genes, whose genetical behavior is not well known. Most of 
the recent work has been done with the so-called “major” genes, and the 
results reached by different authors in different countries have been 
summarized by Black et al. (2). 

The source for all the genes of this kind thus far studied is Solamum 
demissum and, consequently, this Mexican species has been widely used 
for practical breeding purposes. 

In the first generations after the cross S. demissum x S. tuberosum 
the resistance seems to be associated with the characteristics of the wild 
parent, several back-crosses and the growing of numerous progenies being 
required in order to obtain’ resistant clones with good cultural 
characteristics. 

The principal purpose of this work was to determine if, several 
generations after the interspecific cross, there is still some association 
between resistance and the number, mean weight, total weight and color 
of the tubers. 


MATERIALS AND METHODS 


During 1946 and 1947 the potato selections CZK-7, DDV-4, DFC-1, 
DHW-6 and DGH-9 were received from different sources. All of these 
resulted from complicated series of crosses involving S. demissum, S. 
tuberosum and, in some instances, other wild species. All of them, however, 
had resulted from several back-crosses to S. tuberosum and all were 
selected as late-blight resistants by Dr. D. Reddick. 

All of these selections were selfed and, in 1948, the seeds were 
planted in flats. When the plants were 3 to 4 inches tall they were 
transplanted to 8-inch pots containing a mixture of loam, sand, and peat. 
A few days after transplanting a moderate amount of commercial fertilizer 
was added to each pot. The large pot was selected in order to allow a 
1Accepted for publication April 26, 1954. 7 
The experiments described in this paper were performed at the Instituto de Fitotecnia, 
Castelar, Argentina, and their results presented at the meetings of the Potato 
Association of America (September 7-9, 1953, Madison, Wis.). 

The manuscript was prepared and revised at the Department of Plant Pathology of 
the University of Minn., St. Paul, Minn. 

2Division de Mejoramiento de Plantas Horticolas. Instituto de Fitotecnia, Castelar, 
Argentina. 

The author acknowledges the cooperation of Dr. C. J. Eide for his help in revising 
the manuscript, and for his advise and criticism. 
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better expression of the productivity of each seedling (Castronovo, 4). 
All of the plants were kept in the greenhouse until harvest and at that 
time each seedling was individually labelled and the weight, number, and 
color of the tubers recorded. 

During 1949 a total of 499 of these seedlings, as well as the parental 
clones, were tested in the greenhouse under artificial inoculation with 
Argentina isolate 167 of P. infestans* (table 1). The resistance was 
determined on the basis of the type of reaction as well as on the amount of 
infection in each plant (Castronovo, 3). When possible, four replicates 
were used, although in several instances only a single small tuber was 
produced by the original plant, only a single test thus being possible. 


TABLE 1.—Keaction of four potato clones and varieties to races of 
P. infestans. 


Races Kennebec 834e (29 | TI-5 Essex 
$0 2441 | 
Black C.D | R2 R 
1 14 1,3 1,34 | 
B!, B, E, F S S 
Argentina 167 | S R Ss S 
| | 
0 4 4 
Minnesota 2. 466, 470 R 7 | R | R 
| 
1 14 | | | 
400, 471 S R S 
Mills and Paterson 7 | 
B R R R 
{2 | | | 
BC R | ae S R 
114 


'The numbers correspond to the international nomenclature. 
2R=resistant ; S=susceptible. 


Table 2 shows the reaction of the parental clones as well as the 
segregation of resistance in the progenies. The classification of resistant, 
semi-resistant and susceptible types was more or less arbitrary and based 
on the amount of infection present in each plant. The actual segretation 
could be better described, however, as a more or less continuous variation 
ranging from practical immunity to extreme susceptibility. 


%This isolate differs from all the described races of this fungus. Its behavior on four 
varieties and selections can be seen in table 1. 
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TABLE 2.—Keaction of potato progenies to Phytophthora infestans, 
isolate 167. 


Progenies Segregation 


Parents Parent 
(Selfed) Reaction S/R S 
| 
——-|— 

R 44 47 58 
Serene R 38 17 36 
35 18 38 
DHW-6 ......... | 38 20 25 
Sand R 28 30 25 
Total .... Ran 183 132 184 


1R=resistant; S/R=semi-resistant 
S=susceptible; S and R=erratic (susceptible and resistant) 


The total weight of the tubers, or average yield per plant, is 
summarized in table 3. Although the variation within a progeny was in 
general wide (less than 1 gram to more than 65 grams per plant for 
CZK-7 selfed; less than 1 gram to more than 105 grams per plant for 
DDV\-4 selfed, etc.) the average yield in the resistant, semi-resistant and 
susceptible offspring in each progeny is very similar. The X* test showed 
no association between resistance and yield. There are, however, significant 
differences among progenies. 


TABLE 3.—Average yield per plant (grams) in each class of the 
five progenies. 


Parent R S/R S 
5.4 3.1 5.6 
DDV-4 21.6 24.3 25.7 
13.3 14.46 | 12.9 
4.4 69 3.8 


4.0 3.5 3.6 


In the number of tubers per plant a relatively wide variation was 
also observed, several plants producing a single tuber whereas others 
produced as many as 14. When the seedlings in each progeny were 
distributed into resistants, semi-resistants and susceptibles and the number 
of tubers averaged for each class, the results shown in table 4 were 
obtained. The differences in the average number of tubers among resistant, 
semi-resistant and susceptible seedlings within each progeny are small 
and no association was demonstrated by the X* test between resistance 
and average number of tubers produced. 
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TABLE 4.—Average number of tubers per plant in cach class of the 
five progenies. 


Parent R S/R S 
CZK-7 2.4 2.2 2.1 
DDV-4 4.1 4.2 5.1 
DFC-1 2.7 3.3 2.6 
DHW-6 2.5 2.5 2.8 
DGH-9 1.8 1.9 


Similar results were obtained regarding the average weight per tuber 
(Table 5). 

In all the progenies, especially among the descents of CZK-7 and 
DD\-4 segregation of two or more tuber colors or patterns was observed. 
A simple tabulation of the data showed no association between resistance 
and the color of the tubers. Table 6 shows the frequency distribution of 
the descents of CX K-7 regarding their resistance and tuber color. In the 
same way, DD\-4 segregated white, red, pink and white, purple and 
white, and pink and purple tnbers ; DFC-1, DHW-6 and DGH-9 segregated 
white and pink tubers, the frequency of resistants, semi-resistants and 
susceptibles being more or less even within each tuber color class. 


DiscuSssION 


The results summarized in table 2 indicate that all the parent clones 
used were able to transfer resistance and susceptibility to their descents 
in a similar proportion, irrespective of their resistance or susceptibility 
to isolate 167. 

The fact in emphasized that the reaction was determined on the basis 
of the amount of infection as well as on the type of reaction. Actually, 
none of the parents showed the hypersensitive type of reaction although 
on none of them was sporulation of the parasite observed. 


Taste 5.—Average weight per tuber (grams) in each class of the 
five progenies. 


Parent R S/R S 
CZK-7 2.3 17 23 
pDDV-4 5.2 6.3 5.5 
DFC-1 .. 6.7 | 3.4 5.2 
DHW-6 1.9 27 1.5 
DGH-9 24 | 1.9 1.9 
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TABLE 6.—Resistance to F. infestans and color of the tubers. 


| CZK-7 
Color of the Tubers | Total 
R S/R S 

| 17 15 24 | 56 
| 14 16 9 39 
Pink and White 1 3 11 | 15 
Pink and Pale Pink ..... 1 5 | Yj 


40) 46 51 137 


The progenies, however, showed a higher degree of diversity, ranging 
from hypersensitive reaction to high susceptibility, with profuse sporulation 
on leaves and stems. The seedlings with hypersensitive reaction, as well 
as those with only one or two small lesions in the lower leaves were all 
classified as resistants. 

In all the pre genies, regardless of the parental reaction, the segregation 
is very similar, suggesting that perhaps in the evaluation of the resistance 
the presence or absence of sporulation could be at least as important as 
the amount of infection. 

A correct determination of the genes involved in the inheritance of 
resistance is not possible in this case, on account of the few data available 
and the inter-specific hybrid origin of the parental clones. It seems, 
however, rather difficult to explain the segregation observed on the basis 
of any of the major dominant genes. The presence of a continuous variation 
rather suggests quantitative inheritance, probably due to minor or multiple 
genes. Rather suggestive is the fact that the hypersensitive reaction was 
observed in none of the parental clones, although approximately one-fourth 
of each progeny showed this type of reaction. If irregularities during the 
meiotic process could be discarded and if disomic inheritance for this 
character could be assumed, the hypersensitive reaction, in this case, could 
be ascribed to a single recessive or partially dominant gene. Thus, the 
general picture for the inheritance of resistance in this case could be 
drawn in the following way: 

a) a single, recessive or partially dominent gene, causing hypersensitive 
reaction, is present in all the parental clones. 

b) multiple genes for resistance, or modifiers, are also present, in 
different numbers and combinations, in each parental clone. 

No claim is made, however, that this is necessarily the correct 
explanation. However, the assumption seems justifiable that none of the 
known dominant major genes is involved in the resistance to isolate 167 
of P. infestans, at least with regard to the material used. That does not 
necessarily mean that none of the major genes is present in the parental 
clones but rather that, if present, those major genes do not confer any 
resistance to isolate 167 or, at least they do not behave as dominants in 
this case. 
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According to Black (1) the variety Kennebec and the seedling 
834 C(29) both carry the major gene R;. The same is true for the variety 
Essex, according to Black et al (2). When tested with isolate 167, however, 
both Kennebec and Essex behave as susceptibles whereas 834 ¢(29) was 
resistant. In other unpublished experiments, more than 200 descents of 
Kennebec selfed were all susceptible to isolate 167. The explanation for 
these results could be that both Kennebec and 834 ¢(29) carry the gene 
R,. which confers no resistance to isolate 167 and that 834 ¢(29) carries 
an additional gene for resistance to 167. This additional gene was not 
detected before due to the lack of an adequate race, as 167, to put it in 
evidence. On the other hand, it could well be that Kennebec and 834 
c(29) do not carry the same, but different genes which behave in a 
similar way regarding the races studied in Scotland but differ in their 
reaction to isolate 167. This should emphasize the point that, for the 
purpose of identifying genes for resistance the mere reaction regarding 
one or several races is not enough but the genetical approach should also 
be used. In other words, the fact that two clones or varieties behave the 
same regarding a number of races does not necessarily mean that both 
carry the same genes for resistance. 

Some results obtained by Rojas Pena (5) indicate that at least 
some of the forms of S. demissum carry dominant genes for resistance to 
some races and recessive genes for resistance to other races. Thus, he 
crossed S. demissum C.C.C. 66 (resistant or immune to race O and 
immune to race 44 x S. andigenum C.C.C. 61 (susceptible to both 
races). The F, was very susceptible to race 4 but resistant to race 0. 

Black (1) states: “A series of minor genes, associated with 
morphological and physiological characters of the plant, modify the 
phenotypic expression of the major gene system, and so determine the 
degree of susceptibility in susceptible phenotypes and the extent of necrosis 
in resistant ones.” 

All this contributes some circumstantial evidence for the interpretation 
of the inheritance of the resistance in the present case. 

The results obtained regarding the yield (total weight), number, 
color and size (mean weight) of the tubers indicate that, after a number 
of back-crosses these characters are not necessarily associated with 
resistance or susceptibility. It should be possible, therefore, to use the 
back-cross method to raise a number of clones possessing different genes 
for resistance and good commercial characteristics. The different genes 
for resistance could be later combined in new clones without the unavoid- 
able simultaneous accumulation of nondesirable genes. 


SUMMARY 


Five selections, resulting from complicated crosses involving S. 
tuberosum, Solanum demissum and, in some instances, other wild species, 
were used in the experiments. All of them had several back-crosses to 
S. tuberosum and were selected as late-blight resistant by Dr. D. Reddick. 

Selfing these selections resulted in a total of 499 seedlings which, in 
1949, were tested in the greenhouse with Argentina isolate 167 of 


4Races designated according to the international nomenclature proposed by Black 
et al, (2). 
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Phytophthora infestans. The results indicate that all the parent clones, 
irrespective of their resistance or susceptibility to strain 167, were able 
to transfer resistance and susceptibility to their descendents in a similar 
proportion. 

These results are tentatively interpreted as follows: 

a) a single recessive or partially dominant gene—not necessarily 
always the same—causing a hypersensitive reaction is present in all the 
parental clones. 

b) multiple genes for resistance or modifiers are also present, in 
different numbers and combinations, in each parental clone. 

The X* test showed no association between the resistance and the 
number, mean number, weight and mean weight of the tubers. The color 
of the tubers also appeared to be independent of the resistance. 

With the available data it is not possible to fit strain 167 of P. 
infestans into any of the proposed classifications nor into the international 
nomenclature of races proposed by Black et al. in 1953. 
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POTATO QUALITY VIII EFFECT OF FOLIAR APPLICA- 
TIONS OF SEQUESTERING AND CHELATING AGENTS 
ON AFTER-COOKING DARKENING:' 


Ora SMITH AND Paut MuUNETA? 


One of the most widespread undesirable qualities of potatoes is the 
tendency for the tubers to turn dark after cooking. It appears first and 
to the greatest degree just under the skin at the stem end of the potato 
and decreases in intensity toward the apical end. The color may range 
from normal white of the unaffected tubers through shades of gray to 
almost black. It has no effect on flavor or nutritive value of the potato. 
However, since many food products are accepted or rejected on the 
basis of color and appearance, this defect undoubtedly has had a marked 
effect on the gradual decrease in potato consumption. It has been reported 
from most potato growing areas in the world and has been the subject of 
investigation for more than 50 years. 

Numerous investigators have conducted research on the causes of 
this discoloration and methods of preventing its occurrence. It is not our 
purpose to discuss these papers here. Recent work has indicated, however, 
that this type of discoloration may be the result of reactions between 
certain types of o-diphenols and certain forms of iron. A brief review of 
literature pertaining to the effects of iron and o-diphenols is herewith 
presented. 

Tinkler (12) showed that iron in the tubers increased darkening 
either by a catalytic reaction or the result of formation of an iron-phenol 
compound which is dark colored. Robison (8) thinks that darkening is 
due to a ferro-protein compound hydrolyzed during boiling and _ later 
precipitated as ferrous hydroxide which is gradually oxidized to the black 
ferric oxide. This theory is unlikely to be correct, however, as ferrous 
ions do not combine with simple proteins (Tompsett, 13; Shackleton and 
McCance, 10). Tottingham (14) found no correlation between icon content 
of tubers and after-cooking darkening. There is disagreement among 
investigators regarding the influence of iron on darkening, however, in 
most cases they have correlated darkening with total iron rather than with 
the active free ferrous ions. Also factors such as hydrogen ion concentration 
and the ratio of o-diphenol and other complex formers which influence 
darkening, may have concealed the influence of iron. Ferrous and ferric 
ions probably exist in equilibrium in the tubers, the ferrous ions being 
physiologically active. 

Reinke (7) first reported o-diphenols in potatoes, identifying the 
crystallized substance as hydro caffeic acid. Boswell and Whiting (1) and 
Boswell (2) isolated o-diphenols from potatoes. Juul (3) showed that 
the major portion of the o-diphenols in potatoes consists of caffeic and 
chlorogenic acids. 

Smith, Nash and Dittman (11) stated that the o-diphenol compounds 
are predecessors of the pigment that darkens the potato and that the 
pigment is formed by oxidation. Darkening was produced by boiling 
1 Accepted for publication June 4, 1954. 


Paper No. 378, Department of Vegetable Crops, Cornell University, Ithaca, N. Y. 
2Cornell University, Ithaca, N. Y. 
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potatoes in a solution of potassium bromate whereas a solution of stannous 
oxalate prevented darkening. Ross, Tottingham and Nagy (9) found a 
high correlation between the o-diphenol content of tubers and darkening 
after boiling. 


The basal or stem ends of potatoes usually contain a higher per cent 
of o-diphenols than the apical ends. Darkening does not occur until after 
the potatoes are boiled or baked. Probably ferric ions are not present in 
the potato when the cell structure is destroyed otherwise they would form 
the dark colored iron-diphenol compound before the air was admitted. 
The ferric ions must be present in an insoluble state or they are 
precipitated during the heating (Juul, 3). He believes that after- cooking 
discoloration results when the ferrous ions of the tuber combine with an 
o-diphenol giving a colorless or faintly colored compound. This compound 
oxidizes when exposed to air forming the deeply colored ferric compound. 
He was able to prevent after-cooking darkening of potatoes by cooking 
them in a weak sodium acid pyrophosphate solution. This resulted in the 
formation of colorless iron-pyrophosphate complexes and consequently 
white boiled potatoes. Tompsett (13) showed that sodium pyrophosphate 
liberates ferric iron from its biological complexes. This probably is due 
to its property of forming un-ionized ferric pyrophosphate. Mulder (6) 
also believes that after boiling discoloration results from a_ reaction 
involving the formation of the ferrous compound of an o-dihydric phenol 
which becomes oxidized to the corresponding ferric compound upon 
exposure to air. 

The senior author first obtained the idea in 1952 that after-cooking 
darkening of potatoes possibly could be prevented by sequestering the 
iron in potatoes, when he read the paper by Krum and Fellers (4) on 
clarification of wine by sequestering the iron and copper with ethyl- 
enediamine tetraacetic acid. Numerous publications dealing with similar 
problems have appeared during the past two years. Leonard and Stewart 
(5) have shown that iron can be sequestered in plants by spray applications 
of some of the sequestering agents. A sequestering agent is a compound that 
will inactivate a metalic ion by forming a water soluble complex in which 
the metal is held in a non-ionizable form. A chelating agent is a compound 
which inactivates a metallic ion by making it an integral part of an inner 
ring structure. Since ethylenediamine tetraacetic acid (EDTA) and its 
salts chelate iron preferentially to all other commonly occurring metals 
it was selected for trials in these experiments. 

EDTA and its salts* have the property of forming stable, soluble 
complexes with certain monovalent, divalent and trivatent metal ions 
including the ions of copper and iron. Other sequestering and chelating 
agents also were used. Calcium phytate, glucomic acid, sodium gluconate 
and ammonium gluconate were used because of their sequestering 
properties. The gluconates form a soluble complex with ferric iron 
preventing it from precipitating out of solution. Citric acid and sodium 


*Ethylenediamine tetra-acetic acid and its various salts are sold under the following 


trade names: “Sequestrenes” by Alrose Chemical Company, Providence, R. L., a 
subsidiary of Geigy Company, Inc., Bayonne, N. J.; “Versenes” by Bersworth Chemi- 
cal Co., Framingham, Mass. ; “Tetrines” by Glyco Products C o., Inc., Brooklyn, N. Y.; 
“Perma-Kleers” by Refined Products Corp., Lyndhurst, N. J.; ; and “Nullapons” by 
Antara Chemicals, New York City, N. Y 


4 
tag 
> 
Loe 
% 
| 
me 
| 
| 
i! 
! 
a | 
ii 
| 
|! 
_ 
~ 4 
| 
f 


406 AMERICAN POTATO JOURNAL | Vol. 31 


citrate were selected because they also function as satisfactory iron 
sequestering agents. It was previously shown that boiling potatoes in a dilute 
solution of sodium acid pyrophosphate prevented after cooking darkening, 
presumably by combining with iron in the tuber. Therefore, this chemical 
was chosen as a spray application because of the possibility of its absorption 
and translocation to the tubers and subsequently combining with the iron 
ions and preventing discoloration. 

Gluconic acid, sodium gluconate, ammonium gluconate and glucatase 
were applied also because of the possibility of affecting the sugar content 
of potatoes and hence the color of potato chips and French fries. 

Most of the sequestering agents were applied also for their possible 
effect on discoloration of raw peeled potatoes and of black spot of potatoes. 
By sequestering iron and copper in the tubers it may be possible to reduce 
discoloration of potatoes in the raw state. Since sodium bisulfite is one of 
the best chemicals for preventing discoloration of peeled raw tubers, it 
also was included in these studies. 


IXPERIMENTAL PROCEDURE 


On August 20, 1953 the foliage of Katahdin potatoes which were 
planted June 6 was sprayed with a number of chemicals. Plots were of 
two rows, each 50 feet long. Chemicals were applied at concentrations of 
0.2 and 0.5 per cent with a knapsack sprayer. Rates of application were 
at 100 gallons of solution to the acre. The following compounds were 
applied : 

(1) d, 1 gluconic acid 

(2) ammonium gluconate 

(3) sodium gluconate 

(4) glucatase 

(5) citric acid 

(6) sodium citrate 

(7) calcium phytate 

(8) sodium bisulfite 

(9) sodium acid pyrophosphate 


(10) ethylenediamine tetraacetic acid (EDTA) 

(11) disodium salt of ethylenediamine tetraacetic acid (Nay EDTA) 
(12) trisodium salt of ethylenediamine tetraacetic acid (Nag EDTA) 
(13) tetrasodium salt of ethylenediamine tetraacetic acid (Nay EDTA) 
(14) monosodium, monoferric iron salt of EDTA (Na Fe EDTA) 
(15) disodium, monocupric copper salt of EDTA (Naz Cu EDTA) 
(16) Chel 242L 

(17) unsprayed. 


Potatoes were harvested from each of these plots on October 1 and 
placed in storage at 38°-40°F. 

Cooking tests were conducted on tubers of each of the treatments 
on January 26, to February 8 and on May 5, 1954 for the determination of 
after-cooking darkening. Samples from each lot were boiled in water in 
porcelain pans under uniform conditions until potatoes were considered 
done. 

They were then exposed to the air for an hour before observations 
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or readings were made. Each reading presented in table 1 is the average 
of 6 to 13 individual tubers selected at random. 

Potatoes cooked from January 26, to February 8 were observed for 
degree and extent of discoloration. Each tuber was mashed uniformly so 
that it was well mixed. A sample was then placed on the Hunter Color 
Difference Meter for readings. Readings were made of Rd, a and b values. 
The results from plants sprayed with 0.2 per cent solutions are presented 
in table 1. Samples boiled on May 5 were rated for degree of darkening. 
A rating of 9 signifies no discoloration and the lower the number the 
greater the amount and intensity of discoloration. The results are presented 
in table 2. 


TABLE 1.—Effect of foliar spray applications of chemicals on after-cooking 
discoloration in potatoes. January 26 - February 8&8, 1954. 


‘ Hunter Color Difference 
Chemical and Meter Readings 


Concentration (0.2 Per cent) )bservations on Color 


Rd a b 

Sodium acid pyrophosphate . 30.4 3.2 2 Poor color 

Sodium gluconate | 30.8 ES 13.1 Blackening on stem end 

Unsprayed | 31.2 3.6 11.9 Very poor color 

Glucatase ee ata 31.2 2.5 9.6 All quite dark 

Sodium bisulfite 31.4 4.7 12.6 | Not very good; stem end 

blackening 

Sodium citrate 31.8 3.6 14.9 Good color 

Nas EDTA 32.4 13.7. | Some stem end 
discoloration 

Gluconic acid 34.8 3.6 13.6 Not much stem end 
blackening 

Nas EDTA 35.3 3.6 14.1. | Very good color 

Naz Cu EDTA 36.0 3.4 15.5 Not very good color 

Citric acid 36.3 3.6 15.8 Some stem end 
discoloration 

Ammonium gluconate 30.8 3.7 15.3 Very good color 

EDTA 15.1 Good color 

Chel 242L enero 38.1 3.3 15.8 No stem end blackening ; 
overall color fair 

Nai EDTA 38.5 4.2 16.1 All very white 

Na Fe EDTA 40.3 aa 16.6 Very good color 


The data of tables 1 and 2 indicate that several of the sequestering 
agents sprayed on potato plants in the field have affected the amount and 
extent of after boiling discoloration. This is especially true of the various 
salts of ethylenediamine tetraacetic acid (EDTA). Salts of EDTA are 
able to form stable complexes with the heavy metals such as iron. Recent 
experimental results by Juul (3) and Mulder (6) indicate that after- 
cooking darkening results from the combining of certain forms of iron 
with o-diphenols resulting in a dark colored pigment after oxidation of 
the iron to the ferric form. Perhaps in the potato tuber the salts of 
EDTA, chelate the ferrous ions making them a portion of the ferrous 
EDTA complex as shown on page 408. 

In this form they will not dissociate or do so to a small degree. Therefore, 
the ferric ions are not free to unite with the o-diphenols of the potato 
tuber to form the dark colored ferric-o-diphenol compounds. 
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TasLe 2.—Effect of foliar spray applications of chemicals on after-cooking 
discoloration in potatoes. May 5, 1954. 


Chemical and Concentration (0.2 Per Cent) Color Rating* 


Unsprayed 
Nas EDTA 5 
Ammonium gluconate 5 
Gluconic acid 5 


Sodium gluconate 5-6 
Citric acid 5-6 
EDTA 6 
Naz EDTA — 6-7 
Glucatase 6-7 
Sodium bisulfite 7 
Sodium citrate 7 
Chel 242L 7 
Na, EDTA 7 
Nae Cu EDTA 8 
Na Fe EDTA & 
*9 — white, no darkening, with progressively lower numbers indicating increasing 


amount and intensity of discoloration. 


Naooc HAC COONa 


- 0 = Cs0 


Weinstein et al (15) found that ethylenediamine tetraacetic acid or 
a decomposition product is apparently readily absorbed through roots of 
sunflower plants. Leonard and Stewart (5) found that foliage sprays of 
Fe-EDTA gave partial to complete correction of iron chlorosis in some 
citrus trees growing on calcareous soils, but have failed in others. 

The data in tables 1 and 2 also show that, in general, there is a fair 
relationship between the Rd reading of the Hunter Color Difference 
Meter and the color of boiled tubers. There is an increasing reflectance 
of light in the meter, as indicated by higher Rd values, from the samples 
which discolored least. Probably the relation between the Rd value and 
stem end discoloration will never be highly satisfactory because some- 
times darkening is confined to a narrow band on the periphery of the 
stem end of the potato. By observation the color rating ‘will be of a low 
number. However, when that potato is mashed and well mixed the over-all 
color is much lighter and the Rd reading is quite high. Similar relationship 
was found between the “b” readings of the meter and discoloration of the 
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mashed product. Krum and Fellers (4) conducted acute and chronic 
toxicological experiments with EDTA (Sequestrene) on albino rats. Single 
doses were administered orally to rats corresponding to more than one-half 
pound per person of average weight with no noticeable toxic manifesta- 
tions, Long-time feeding experiments were conducted for a period of one 
year, the ration containing 0.5 per cent of Sequestrene by weight compared 
with the same ratio with no Sequestrene. No abnormalities of any kind 
resulted from the feeding of Sequestrene. It is suggested that prospective 
users of EDTA learn the possible limitations which may be placed upon 
the use of sequestering agents in foods under the Federal Food, Drugs 
and Cosmetics Acts. 

Further work of a more extensive nature is being conducted on this 
problem in 1954. 


SUMMARY 


Several sequestering and chelating agents were sprayed on potato 
plants in the field. Observations and Hunter Color Difference Meter 
readings of boiled potatoes from these treatments indicate that several 
of these agents prevent or reduce after-cooking darkening. This probably 
results from the iron in the tubers being sequestered or chelated so that 
it is held in a non-ionizable form and cannot take part in a reaction with 
o-diphenols and therefore, prevents the normal formation of the dark 
colored pigment, a ferric-o-diphenol compound. 
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DELUS:' 

A NEW VARIETY OF POTATO, IMMUNE FROM THE 
COMMON RACES OF THE LATE BLIGHT FUNGUS, 
HIGH IN PERCENTAGE TOTAL SOLIDS, AND 
ADAPTED TO GROWING CONDITIONS IN 
DELAWARE 


F. J. Stevenson, R. V. Aketey, anp E. P. BRASHER? 


On April 1, 1954, Delus was released jointly by the Horticultural 
Crops Research Branch, of the United States Department of Agriculture 
and the Agricultural Experiment Station of the University of Delaware. 

Delus was tested in Delaware and elsewhere under the pedigree No. 
B 73-18. It is a selection from a cross between Mohawk and U.S.D.A. 
Seedling 96-56. Mohawk, as grown in Maine, has high market and 
cooking qualities and Seedling 96-56 is early and immune from the 
common races of the late blight fungus. 

The cross was made in 1939 and the seedling was first grown in 
1940 at the Plant Industry Station, Beltsville. Maryland. It was increased 
in Maine and selected because of its good market quality and its immunity 
from the common races of the late blight fungus. 

In 1943 a single tuber of B 73-18 was sent to each of 20 agricultural 
experiment stations for trial. Several favorable reports of its performance 
were received, and it was increased in Maine for further tests. 

The pedigree of Delus follows: 


Earlaine 
U.S. D.A. ( x 
Delus Seedling 96-56 U.S. D. A. Seedling 3895-13 
(U.S.D.A., Seedling 
B 73-18) = Katahdin 
Mohawk 


x 
Green Mountain 
DESCRIPTION 


PLANTS. Medium to large, spreading. Stems: Thick and prominently 
angled. Nodes: Slightly swollen and green. /nternodes: Green. Wings: 
Prominent, waved, single, green. Stipules: On leaves, medium-sized, green, 
scantily pubescent. Leaves: Medium long, closed, green. Midribs: Green 
and scantily pubescent. Petioles: Green, scantily pubescent. Terminal leaf- 
lets: Large, broadly ovate, acute, asymmetrical. Primary leaflets: Large, 
broadly ovate, four pairs, mean length 54.9 + 1.0 mm (2.2 inches), mean 
width 31.9 + 0.7 mm (1.3 inches), index 58.2 + 5.1.3 Petiolules: Green. 


1Accepted for publication May 19, 1954. 

Delus = Del tor Delaware and “us” for the United States. 

2Principal Geneticist and Senior Horticulturist, respectively, Horticultural Crops Re- 
search Branch, Agricultural Research Service, United States Department of Agri- 
culture, Beltsville, Md.; and Professor of Horticulture, Agricultural Experiment Sta- 
tion, University of Delaware, Newark, Del. 

3Calculated by dividing the width by the length of each 100 leaflets and multiplying 
by 100. The leaflets were taken from the fourth leaf from top of the stem, one leaflet, 
the distal leaf lateral, being taken from each leaf. Since the potato leaflet is asym- 
metrical, the length was determined by taking the average of the measurements from 
the apex to the base of each respective lobe. 
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Secondary leaflets: Many, between pairs of primary leaflets and at junction 
of midrib and petioles. Tertiary leaflets: Medium in number. [nflorescence : 
Much branched. Leafy bracts: None. Peduncles: On leaf petioles and in 
axils of petioles and main stem, medium long, green, scantily pubescent. 
Pedicles: Medium in length, green, scantily pubescent. 


FLOWERS. Buds: Green. Calyx lobes: Medium in length (6-8 mm), 
awl-shaped ; tips straight and green. Corolla: Long (diameter 31.4 mm), 
medium lilac (corresponding to Ridgway’s* mauve). Anthers: Orange 
yellow, pollen medium abundant and of poor quality. Style: Straight. 
Stigma: Globose, multilobed, green. 


TUBERS. Short, elliptical to roundish, medium thick, mean length 
81.3 + 0.6 mm (3.2 inches)> mean width 77.3 + 0.4 mm (3.0 inches) ;5 
mean thickness 61.5 + 0.4 mm (2.4 inches)*®; indexes, width to length 
95.4 + 0.9%, thickness to length 76.2 + 1.07, thickness to width 79.8 
+ 0.7 ;? Skin: Smooth, self-colored, cream buff (Ridgway ). Eyes: Shallow, 
of same color as skin. Eyebrows : Medium long, curved, medium prominent. 
Flesh: White. Sprouts: Color when developed in the dark, light vinaceous 
lilac. (Ridgway). Maturity: Medium late to late. 


CHARACTERISTICS 


Delus is medium-late to late in maturity, and in Delaware it compares 
favorably with the standard varieties Irish Cobbler and Katahdin in yield, 
and in market and cooking qualities. Since 1950 Delus has been included 
in replicated trials on the University Farm, Newark, Delaware. The data 
for these trials are given in table 1. 

For the first three years, 1950-1952, Delus appeared to be very 
promising. It produced yields comparable with or better than those of 
the standard varieties. In 1953 it was outyielded by both Irish Cobbler 
and Katahdin, but the mean yield for the four-year period was 239 bushels 
of U. S. No. 1 tubers per acre for Delus, 229 for Irish Cobbler, and 
227 for Katahdin, as you will note in table 1. 

The differences in yield are perhaps not significant, but Delus has 
several other characteristics that justify its release to Delaware growers. 
It produces very attractive tubers, with shallow eyes and white flesh. 
This variety is also immune from the common races of the late blight 
fungus, a character not possessed by the two standard varieties. It is not 
highly resistant to scab but is less susceptible than Irish Cobbler or 
Katahdin. The cooking quality of Delus grown in Delaware is as good 
as, if not better than that of either Irish Cobbler or Katahdin. In tests 
for three years Delus averaged 18.1 per cent total solids compared with 
17.2 per cent for Irish Cobbler and 16.2 per cent for Katahdin. 


4Ridgway, R. 1912. Color Standards and Color Nomenclature. (43 Pp) Illus. 
Washington, D. C. 
5The average of measurements of 100 tubers, each weighing approximately 8 +1 ounces. 
®Calculated by dividing the width of each 100 tubers by the length and multiplying the 
average of these ratios by 100. The data used for calculating the indexes were taken 
from the same measurements as those used to designate the dimensions of the tubers. 
TBased on measurements of the same tubers as those used for determining the width 
to-length index, using same methods of calculations. 
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TABLE 1.—Vields per acre of U.S. No. 1 potatoes and percentage of 
total solids in Delus, Irish Cobbler, and Katahdin tested for 4 years on 


the University Farm, Newark, Delaware. 


Yield | Total 


Variety Year Tested | per Acre Solids 
| Bus. | Pct. 

Delus 1950 | 323 
1951 302 20.7 

1952 168 16.9 

1953 | 163 16.8 

Mean 239 18.1 
Irish Cobbler 1950 319 ia 
1951 274 18.4 

1952 140 16.0 

1953 184 17.2 

Mean 229 17.2 
1951 279 18.2 

1952 110 15.6 

1953 | 220 14.8 

Mean | 227 16.2 


In Maine, Delus will not compete in yield with the highest yielding 
varieties, such as Kennebec or Pontiac, but it compares favorably with 
Katahdin and Irish Cobbler, the two varieties with which it will have 
to compete in the seed trade of Delaware. 

During two years of tests at Presque Isle, Maine, Delus yielded, 
on the average, 391 bushels of U. S. No. 1 potatoes, Katahdin 404, and 
Irish Cobbler 352. Delus ranked first in dry-matter content, with 22.5 
per cent solids compared with 19.9 and 21.5 for Katahdin and _ Irish 
Cobbler, respectively. 

One fault observed in the Delus variety in Delaware should be 
mentioned. After 6 months in storage at temperatures ranging from 34° 
to 38°F. an internal breakdown occurred. The condition was similar to 
that found by Hilborn and Bonde (Amer. Potato Jour. 19: 24-29. 1942) 
in Chippewa and Katahdin potatoes stored at 32°, for which disorder 
they proposed the name “internal mahogany browning.” The tubers of 
Delus kept well in storage at Beltsville where the average temperature 
during the winter months was about 40°. Under these conditions no 
internal mahogany browning developed and only a minimum amount of 
sprouting occurred by March 9. If Delus potatoes are to be stored for 
long periods, low temperatures in the storage house should be avoided. 


Because of the attractive appearance of its tubers, «its high cooking 
quality, and its resistance to the late blight fungus, Delus should become 
an important variety in Delaware. 
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SUMMARY 


Delus (B 73-18) is resistant to late blight. It is less susceptible 
to scab than Katahdin and Irish Cobbler. In comparative trials in Delaware 
it yields as well as if not somewhat higher on the average than the 
two standard varieties Katahdin and Irish Cobbler. It ranks high in 
market and cooking qualities. In Maine it compares favorably in yield 
with Katahdin and Irish Cobbler and is usually higher in dry-matter 
content. In Delaware it developed internal mahogany browning after 6 
months of storage at temperatures ranging from 34° to 38°F. It kept 
well in storage at Beltsville, Maryland, where the storage temperature 
averaged 40° during the winter months. 
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POTATO NEWS AND REVIEWS 
THE POTATO MUST BE REHABILITATED! 
ANDREW MEpDRICZKY* 

Farmers, housewives, industrialists, usually think they know the 
potato plant well. But if you put a similar question to a potato specialist 
with an international reputation, to your astonishment many of them 
will give a much more modest answer. They would say, “We already 
know a lot of things about the potato, but you never dare say you 
know it completely. You must always be prepared to encounter many 
surprising new facts, concerning either its cultivation, its chemical com- 
position, or its utilization.” 

Just listen to the British professor Salaman who dedicated more 
than forty years exclusively to his researches about, and investigations 
into, the potato. In his famous book “The History and Social Influence 
of the Potato,” 1949, he states: “In 1946 | embarked on an enterprise 
which, after forty years, leaves more questions unsolved than were at 
that time thought to exist ag 

This is not surprising at all, since the potato as a food for the 
white man has been known for only 200 years, — a very short period 
indeed as compared with the thousands of years of documented history 
of our main cereals. Among such “surprising” cultivation facts may we 
point to a statement made by the German professor, Schanderl, who 
stated and apparently proved by his experiments a couple of years ago, 
that an already developed potate plant is able to obtain one half its 
nitrogen needs from the atmosphere the same as leguminous plants. A 
Hungarian engineer, living now in Germany, von Szebeny, reports in 
his book that he has developed and technically solved even for large 
acreages a “nursery method” which can be applied to growing potatoes, 
by considerably shortening the vegetative period in the soil, through 
using specially but simply developed stronger potato sprouts. 

Foop VALUE oF Potatoes AFFIRMED 

A certain discrepancy concerning the role of the potato in human 
nutrition is still found among some experts. Modern dieticians unanimously 
agree today that potatoes served with fat or butter and milk or cheese, 
are quite sufficient food for man and not fattening at all. Professor Maurizio, 
a well known student of the history of food and nutrition, firmly recom- 
mended at an earlier date, that a part of our cereal areas be transformed 
into potato fields. But, he added, we should produce more of the better 
quality edible potato varieties instead of the industrial ones which are 
more abundant in quantity only. However, in the year of the post-war 
potato scarcity in Germany, professor Rein advised his then hungering 
countrymen to plant fewer potatoes and suggested that some of the 
potato areas should be reduced in favor of cultivating more oats for human 
food, because of the high water-content and lower protein content of 
potatoes. 


1Accepted for publication October 25, 1954. 

2Economist-writer specializing in potatos, soybeans and food supply problems. 
Formerly at City Government, Budapest, Hungary, now 370 Riverside Drive, Apt. 
10/B, New York 25, N. Y 
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It is an amazing fact that among the many publications of the Food 
and Agriculture Organization (FAO) of the United Nations which 
leads the fight against undernourishment in undeveloped nations, we 
could not find a single one about the problem of the potato viewed as 
one of the means in this struggle for better nourishment. Recently news- 
papers have reported the suggestion made by the International Federation 
of Agricultural Producers, representing more than 25 million farmers 
from 27 countries, to the effect that a huge world-wide food reserve stock 
should be built up under the joint auspices of FAO, the International 
Bank of Reconstruction and Development and the U. N. Secretariat. The 
chairman of the council, Mr. de Castro of Brazil and author of an exciting 
book “The Geography of Hunger,” said in Rome, Italy, that the steadily 
developing agriculture of the most advanced countries created plenty of 
foods in the midst of misery. And that in some countries — he referred 
to the United States we suppose — artificial means for reducing supplies 
of foodstuffs are being discussed, although there is a great potential 
market for agricultural products in the undeveloped areas of the world. 
He stated, “Do not let any opportunity pass to recommend the creation 
of an international food reserve.” 


TRANSPORTATION PROBLEM 


It goes without saying that again we do not find potatoes among 
the prospective food reserve plan items. And this we can well understand 
No one is so foolish as to deny the many disadvantages of the potato. 
Certainly it contains approximately 80 per cent water and is bulky. It is 
also sensitive to bruising, to cold and hot temperatures, and even to 
light (greening). Its transportation requires not only much more space, 
one must transport with it not only 80 per cent water weight, 33 per cent air 
space, but also very costly equipment, such as “air-conditioning” for long 
trips. And its storability usually is limited to a period varying from nine 
to ten months under the best conditions, with a loss of approximately 12 
per cent due to transpiration. Little wonder that in the mind of the food 
experts of the world, the potato seems to be excluded from any world-wide 
and any long term nutrition program. They believe that the potato can 
not be used except for local requirements and only to a limited extent. 
The already existing and intensely working potato-dehydrating industry, 
as well as the production of the popular “chips” and “potato puffs” are 
simply unable to meet those inconveniences of the potato to any consider- 
able degree. Then, too, the main object for the nutritional endeavors of 
the FAO is the Near and Far East where a billion of exclusively rice-eating 
people are living, and most of those people do not know and do not as 
yet eat potatoes at all. 


Is this a definitive and unalterable situation in the international 
utilization of the potato? We are not pessimistic; on the contrary, our 
optimism is quite well founded, since we have thoroughly studied this 
problem, from the economist’s standpoint. We shall never forget professor 
Salaman’s final sentence in his above mentioned book: “Thus man’s 
wisdom, or his lack of it, alone decides whether even the richest of 
nature’s gifts shall serve as a blessing or a curse.” 
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Porato RICHEST OF NATURE'S GIFTS 


It is quite right: the potato is “the richest of nature’s gifts” and all 
the practical problems concerning the potato depend on man’s wisdom. . . 
We know fairly well that the potato, as cultivated by the methods most 
commonly used today, but which can be increased considerably by new 
methods, yields an average of approximately 3,000,000 calories per acre. 
It draws from the earth 50 per cent more protein per acre than does wheat ; 
this protein is in addition biologically complete, whereas that of the 
wheat is incomplete. The mineral substances of the potato are mostly 
alkaline in reaction, whereas all cereals have a more acid excess. Among 
the common food plants, only maize and sweet potato surpass white 
potatoes in calories and as far as proteins are concerned, only soybeans, 
peanuts, efc. surpass the potato. Its cultivation is relatively easy and it 
is not limited to any geographical areas, because the potato is a very 
adaptable plant. Where microclimatic conditions can furnish the necessary 
warmth, light and moisture, one can expect a good potato harvest in 
any fairly good soil. Even in the 10,000 feet heights of the slopes of 
the Himalaya mountains in Asia or in the 11,500 feet heights near the 
shores of Lake Titicaca, between Peru and Bolivia, there grow flavorous 
kinds of potatoes. But science must admit that none of the generally 
known food plants shows as wide crop-latitudes as the potato. However, 
late frosts in spring, early frosts in fall, too high temperatures and 
long-lasting drought without sufficient morning dew in summer, in addition 
to certain diseases and insect pests can do much and unexpectedly to 
harm the potato crop. 

We should never forget that many economists in the old continent 
praise the potato as one of the most precious gifts of the discovery of 
America, and outstanding sociologists even dare to say that its final 
general introduction in Europe toward the beginning of the Nineteenth 
Century simply changed the tide of world history. Even the “industrial 
revolution” in Europe, which was its last golden era, could not have so 
easily materialized without the simultaneously developed potato production. 
Europe’s previous history was full of local famines and the last one, 
about 1847 and 1848, mainly in Ireland, broke out because the potato 
harvest was almost annihilated by late blight. Then, at least, one million 
people died. 


Wortp PrRopUCTION AND CONSUMPTION 


Twenty years ago, when some statistical data were still available from 
the regions “behind the Iron Curtain,” the whole potato cultivating area 
of the world was estimated to exceed 54,000,000 acres, that means over 
85,000 square miles, — a territory larger than Idaho, Utah, or Kansas. 
And The Encyclopedia Brittanica states that in 1952 potato production 
in the U. S. ranked fifth among the nine greatest potato growing countries 
of the world. In table 1 we have added the data from West Germany to 
that from East Germany under Soviet-influenced rule. (Some data we have 
corrected with the data from the “American Potato Yearbook, 1954’). 

However, if we turn to the pages containing the population statistics 
of the same countries, we shall see quite a different picture on the 
“per capita” production as is enumerated in pounds in table 2. This 
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TaBLe 1.—Potato production 1952 in million bushels. 


J, U.S.S.R. (Soviet Union, Europe and Asia) .... 2,6001 
2. Germany 1,210 
3. Poland .... = 975 
4. France ..... ae : 4511 
6. United Kingdom , 293 
7. Czechostovakia 240 
8. Netherlands 159.6! 
137.71 


1U.S.D.A., Foreign Agricultural Service. 


TABLE 2.—Per capita consumption for all purposes. 


1. Poland .......... 2,340 Ibs. 
2. Czechoslovakia . 1,200 Ibs. 
3. Germany ........ 1,098 Ibs. 
4. Netherlands 900 Ibs. 
6. France 618 Ibs. 
7. United Kingdom 360 Ibs. 
8. Spain 288 Ibs. 
138 Ibs. 


includes all potato quantities, as well as those “exported” especially from 
the Red satellite states to the Soviet Union and those used as human 
food, as animal feed, as industrial raw materials for starch and alcohol 
production (the famous Russian “vodka” is made from potato), and seeds. 

The United States is the last among these countries, and the quantity 
mentioned may decrease considerably as it has in recent years. In Poland 
practically 23 times, in Czechoslovakia 12, in Germany 11, and in Red 
Russia 8.5 times as many potatoes have been used “per capita” than in 
the United States. In Netherlands 6.5 times, in France almost 5, Great 
Britain, nearly 3 and in Spain they used twice as much. Are all those 
countries wrong in their judgment concerning potatoes? In the pre-war 
times the national per capita direct consumption in the United States 
was 128 pounds a year, this dropped to 104.5 pounds in 1953. We can 
understand why the potato growers complain about their difficulties in 
direct marketing of edible potatoes. At a rally at Caribou, Maine, in 
1953 they rightly called this declining of the potato consumption a 
“calamity.” For the past ten years, 1943-1952 the yearly production shows 
a sharply decreasing tendency from 459 million bushels to 349.1 despite 
the surpluses that occurred periodically. 

It is true that when the potato crop appears too abundant in the fall, 
the farmer scratches his head. He had, however, only done his best 
according to his ability. If we could only accustom our countrymen to 
eating three tubers more per week, we could cope even with a 40 million 
bushels surplus, as it was encountered at the end of the last season. For 
this reason, we should be more optimistic regarding the outlook of potato 
production. Of course, America is fortunate in having plenty of food. 
There are in this country enormous amounts of easier storable commodities 
as wheat, butter, powdered eggs, and milk, cheese, canned meat, efc. And 
we may rely on our dense and efficient transportation network too. But 
do not forget, our food situation is determined somewhat by the world 
policy though we need not be afraid that it will change drastically for 
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the worse, in the near future. Now, seeing the already mentioned wide 
fluctuation of the yearly potato crops, we may point out that too drastic 
a reduction of the potato acreage can easily be followed by a sharp 
potato scarcity. 

Therefore we think that, economically seen, it would be better to 
sacrifice much more endeavors for research and experiments to find new 
ways and ideas on potato utilization than—simply—to decrease acreage 
or to destroy locally or temporarily appearing surplus potato crops. 
Science and research has not yet said the last word. Besides finding better 
and larger uses of potatoes in various branches of the industry, we 
completely agree with the well-founded statement of A. E. Mercker, 
recently published in The American Potato Journal (Sept. 1954, p. 290) 
that in the U. S. also “consumers are evidently willing to pay for the 
services rendered so as to receive potatoes in ready-to-eat form.” 


Wortep Wars AND POTATOES 


The most recent experiences on the general importance of the potato 
have been made and analyzed by scientists in Europe while the two World 
Wars raged. In England, France, the former Austria-Hungary, Germany, 
and everywhere it was the potato that helped to save entire war-stricken 
nations. We remember well, how, during World War II, the British 
Government encouraged agriculture with all means at its command, and 
it set in action a full “Potato Plan” to increase the potato crops. In 
1943 the British government proudly stated that “careful planning, good 
weather, capable farmers and farm workers, subsidies and low fixed 
prices, combined to give us a bumper potato crop .... Don’t be content 
with just plain boiled potatoes. They are cheap and it is also easy to 
make delicious dishes with potatoes.” 

Germany has always been among the first truly potato-conscious 
and therefore potato consuming nations. During the “Butter or Guns” 
slogan-dilemma of the Nazi regime from 1933 on, it was really the 
potato which became the most important basic foodstuff in Germany. 
And it was a true enigma to all food scientists abroad to explain, how 
German soldiers were able to perform as they did during the war, living 
on their, theoretically at least, so very deficient diet. 

In the first famine years after World War II it was again the 
potato, in that then thoroughly devastated land overcrowded by many 
millions of refugees, which was much more appreciated than it would have 
been when looked at as only one of the most important foodstuffs. From 
1945 to the summer of 1948 golden jewelry, Persian carpets, precious 
China ware, silk clothes, furs, almost everything was offered to the farmers 
in exchange for some of the longed-for-potatoes, provided the farmers could 
hide some and save them from the obligatory delivery to the authorities. 
The railroads and roads were full of hungry city dwellers, wearing the 
rucksack on their backs, with hope sparkling in their deepset eyes, thinking 
that maybe they would be lucky enough to get at least some potatoes for 
a gold ring or for some packages of cigarettes. The natural instincts of 
those people living on ration cards sometimes preferred the fresh potatoes 
to many popular canned foods in the charity parcels that some lucky people 
received from their American relatives and friends. Yes, it is plain 
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truth that, until thanks to the sacrifices of the American taxpayers the 
Marshall-Plan was put in operation in suffering Europe during that bitter 
struggle for survival, everybody who lived there will remember with 
deepest gratitude the humble potato and the life saving part it played. 
And food experts’ reports show that the potato is not only an emergency 
food (though in some respects not a sufficient one) but also an easily 
preparable, delicious, satiating food which supplies the body with mineral 
salts and vitamins, too. But to better appreciate potatoes, they should 
be served however, not only in the sometimes boringly monotonous 
style of French fried or mashed or boiled potatoes, but in the several 
hundreds of really surprisingly tasty and easily preparable potato dishes of 
various highly civilized nations. Therefore, we can appreciate the latest 
endeavors of the National Potato Council in striving to collect such recipes 
and to teach the American customers a greater appreciation of the humble 
potato. 


BETTER QUALITY NEEDED 


We feel convinced that a decisive improvement in quality would 
ease the marketability and increase the direct human consumption. Recent 
animal fattening experiments in Germany have proved, among other 
things, that even the livestock prefers the more flavorous yellow-fleshed 
potatoes* rather than the less flavorous white ones and that after feeding 
them the former gives from 10-12 per cent better results. The pride of 
the potato growers similarly should change from the quantity produced 
to a better quality potato. 


““POTAGRAIN” DEVELOPED 


However, there is also another promising approach that leads to 
a turning point in the utilization of potatoes for human food and as a 
raw material for the food processing industry. Not long ago the Federal 
Research Institute for Better Housekeeping in Stuttgart-Hohenheim, 
Germany, arranged several practical test lunches for German and foreign 
officials, nutritionists, physicians, chemists, housewives and journalists and 
served a recently discovered novel grain-like foodstuff in various forms, 
the basic raw material of «which was the potato. This food seems to have 
many advantages. It may be prepared instantly for food, it has a long 
storage life and is easy and cheap to transport because it is highly 
concentrated. Perhaps we can hope for an increase in potato processing 
and in acreage after it is introduced in this country. Recently this 
product called “Potagrain” was tested with the assistance of Dr. Natalie 
K. Fitch of the Department of Home and Family Life, Teachers College, 
Columbia University and was found acceptable by the nutrition and food 
professors. At any rate, all the above mentioned facts suggest that forming 
a definite pessimistic judgment regarding the whole potato problem in 
the United States would be quite premature. 


PropucTION INCREASED IN SouTH AMERICA 
And now as an epilogue we want to point to some supposition which 


*Editor’s note. People prefer yellow-fleshed potatoes in parts of Europe and the white 
fleshed varieties are usually used for livestock feed. 
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refers to professor Salaman’s investigations and statements about the 
social and history making and changing influence of the potato in Europe. 
Statistics prove that in Europe the potato cultivation has been slowly 
but constantly decreasing since World War II. Within ten years the 
decrease amounted to approximately ten per cent. This is also true in the 
United States, Canada, and in Central America where the decrease is 
even higher. 

On the other hand, South American countries, in the same period, 
have increased their potato culitvation more than 100 per cent, Africa 
about 50 per cent, and Asia, Australia and New Zealand 20 per cent. The 
absolute quantities, of course, are yet far, very far less than those of 
Europe and North America, but it is obvious that the general tendency 
points to a change. We should not minimize this slight change. Do these 
new data and facts mean that the wrongly discredited potato has found 
a sound rehabilitation in those farthest countries, helping them to attain 
a greater independence in their food problems? Does it point to the 
beginning of a new tide in history as there was the beginning of a new 
chapter and a new tide by the general introduction of the potato in 
Europe 150 vears ago? 


BOOK REVIEW 
SOIL 
G. V. JAcKs 


This new book by G. V. Jacks, Director, Commonwealth Bureau 
of Soil Science, Rothamsted, England deals with the development of the 
science of soi! management. 

The basic properties of soils, how they are formed and how they 
can be managed to improve their productivity are very clearly described. 
The soil water and its movement and availability are discussed as are 
the animal and plant populations of soils and how they help improve 
soil quality. 

The formation of humus and its effect on soil structure and productivity 
are explained. Other chapters deal with cultivation, soil types and their 
classification, soil erosion and its control and the history of British soils. 

The book includes several excellent illustrations as well as an index 
and should be of considerable value to those interested in soils including 
students and practical farmers. 

Although this is a British publication it is equally valuable to those 
in other countries. 

“Soil” is published by Philosophical Library, 15 East 40th Street, 
New York 16, New York. The price is $5.00. 


—John C. Campbell 
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LOCKWOOD AUTOMATIC 10 LB. SACKER 


@ Fast 
Handles 
3# to 25# Bags 
Fully 
Automatic 


Mouerately 
Priced 


— COMPLETE LINE OF POTATO AND ONION HANDLING EQUIPMENT — 


LOCKWOOD GRADER CORP. 
GERING NEBR. 
MONTE VISTA, COLO. ROBERTSDALE, ALA. GRAND FORKS, N. D. 


RUPERT, IDA. 


NEBRASKA STATE 

CERTIFIED SEED POTATOES, 

1954 CROP, 

ARE BEST QUALITY FOR MANY YEARS. 


Ample supply of the following varieties: 
LaSODA — TRIUMPH — PROGRESS 
WHITE CLOUD — REDGLO 
Limited Supply of: 


RED WARBA — RED PONTIAC — SHERIDAN — CAYUGA 
De SOTO — EARLY GEM — KENNEBEC 


Write or wire for information — 


POTATO CERTIFICATION ASSOCIATION 
OF NEBRASKA 


ALLIANCE NEBRASKA 


Dep the Market 7 
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When You Buy 
Minnesota CERTIFIED Seed Potatoes 


You are investing in a commodity produced by a 
group of growers who understand and know how to 
meet the many problems involved in growing 


HIGH QUALITY SEED STOCK 


Certified Seed List sent on request 


STATE OF MINNESOTA 
DEPARTMENT OF AGRICULTURE 


SEED POTATO INSPECTION AND CERTIFICATION 


St. Paul Campus University of Minnesota | 
St. Paul |, Minnesota 


Potash and Potatoes 


In checking your yields, did a big percentage of No. 1, high- 
quality potatoes indicate that your crop was able to get 
enough potash? If not, consult your official agricultural ad- 
viser or experiment station about the fertility of your soil. 
Potatoes are greedy feeders on potash. For a good yield of 
No. 1’s, soil and fertilizer should supply at least 200 lbs. of 
available potash (K.O) per acre. Write us for free information. 


AMERICAN POTASH INSTITUTE, INC. 


1102 Sixteenth St., N. W. Washington 6, D. C. 


Member Companies: American Potash & Chemical Corporation e Duval 
Sulphur & Potash Company e Potash Company of America e 
Southwest Potash Corporation e United States Potash Company 


| 
| | 
| | 
| | 
| | ee 
| 
| 
| 
| 
| 
| 
| 


BOOST 
YOUR YIELDS 
OF No. 1’s 


WATER-SOLUBLE K2SO4 © 
DOUBLE SULFATE OF POTASH-MAGNESIA 


22% K20 — 18% MgO 


Many potato soils are deficient or critically 
low in magnesium, a plant food which is essen- 
tial to the profitable production of big yields of 
top grade potatoes. You can correct this defi- 

ciency and get better yields, finer quality by using 

Sul-Po-Mag in mixed fertilizers. 

What is Sul-Po-Mag? Sul-Po-Mag is a properly bal- 
anced combination of sulfate of potash and sulfate of 
magnesium, both water-soluble and immediately avail- 
able to the growing crop. Sulfate of potash for potatoes 

of higher specific gravity. Sulfate of magnesium for 
larger yields of no. | grades. 
Check up on your soil needs. If your soil is deficient in mag- 
nesium and potash, use Sul-Po-Mag. Many leading fertilizer 
manufacturers are regularly using Sul-Po-Mag in their potato 
grades. See your dealer and insist on a fertilizer containing sol- 
uble sulfate of magnesium and sulfate of potash from Sul-Po- 
Mag; it will pay you well. 


potash division 


Hoo INTERNATIONAL MINERALS & CHEMICAL CORP. 


\eeug8/ GENERAL OFFICES: 20 NORTH WACKER DRIVE, CHICAGO 6 
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University Microfilme 
313 North lst St 
Ann Arbor Michigan 


YEARS EXPERIENCE 


TELLS A STORY OF SUCCESS FOR 
MAINE CERTIFIED SEED POTATOES 


Some of the advantages which have contributed to 
success are: 


1. Aroostook Farm at Presque Isle, with its nationally 
known research workers. 


. Our own super Foundation Seed Farm at Masardis. 

. Over 1200 cooperative seed growers. 

. A year-round staff of 15 seed inspectors with many 
years of experience. 


Annual sales of about 8,000 cars to more than 20 states 


tells the story better than we can. Call Maine to fill 
your seed orders. 


Following varieties available: 
Variety Acres Variety 


Katahdin 39,001 Russet 
Cobbler 5,098 Bliss 
Kennebec 2,739 Pontiac 
Russet Burbank 1,642 Ontario 
Chippewa 1,356 Sequoia 
Green Mountain 759 Canso 
Cherokee 649 Pungo 
Teton 346 Warba 
Sebago 310 Houma 


For List of Growers Write To: 


E. L. NEWDICK, CHIEF, 
DIVISION OF PLANT INDUSTRY 
MAINE DEPARTMENT OF AGRICULTURE 
AUGUSTA, MAINE 


Note: “Better Seed” a 16MM _ sound, color film 20 minutes in length, telling 
the story of Maine Certified Seed is available Free of Charge (East of 
Mississippi) from, Farm Film Foundation, 1731 Eye Street N.W., 
Washington 6, D.C. 
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